Introduction {#sec1-1}
============

Survey data from the World Health Organization indicate that stroke has the second highest mortality rate worldwide and results in high rates of disability (Feigin et al., 2003). The majority of strokes (80%) are ischemic, arising from thromboembolic occlusion of a major cerebral artery or its branches (Zhang, 2010). Approximately 85% of ischemic stroke cases involve the middle cerebral artery (MCA) (Smith et al., 2005).

As a complex disease, stroke is influenced by many factors including genetic profile and the environment (Bacigaluppi et al., 2010). The erratic location, duration and severity of ischemia along with the patients' other conditions lead to the clinical variability, which poses great challenges for clinical studies. In addition, the response of the brain to stroke and effects from other systems make it impossible to emulate stroke using only *in vitro* systems (Hainsworth and Markus, 2008). For these reasons, it is necessary to reproduce specific aspects of stroke by using eligible animal models to clarify the pathophysiology of stroke and find efficient preventive and therapeutic solutions. Several animals have been used to establish cerebral ischemic models such as rodents (Fluri et al., 2015; Gao et al., 2015; Feng et al., 2016), canines (Christoforidis et al., 2011), rabbits (Feng et al., 2016), pigs (Platt et al., 2014), sheep (Wells et al., 2015) and nonhuman primates (NHPs).

Rodents are most widely used in ischemia models due to their low cost, abundant source and easy operation (Tian 2015; Yan et al., 2015). While many therapeutics have been proven to be effective on rodent stroke model, they have failed to be successful when tested clinically (Endres et al., 2008). One major reason for the ineffectiveness is that rodents and human brains differ in both their anatomical structure and physiology (Cook and Tymianski, 2011). Accordingly, the Stroke Therapy Academic Industry Roundtable recommends that preclinical trials for stroke treatment use large animals that are more similar to humans, such as NHPs (Saver et al., 2009).

The brains of NHPs are generally composed of multiple gyri. NHPs have a complete cerebral arterial ring similar to humans (Fukuda and del Zoppo, 2003). The distributions of the internal carotid and vertebral arteries in NHPs are also very similar to those in humans. Infarction of the M1 segment (**[Figure 1](#F1){ref-type="fig"}**) of the MCA of NHPs causes ischemia primarily in the basal ganglia and white matter, similar to the infarct areas observed in human stroke patients (Fukuda and del Zoppo, 2003).

![Our model with ensuing mark to show the vessel anatomy of a rhesus macaque *via* digital subtraction angiography.\
MCA: Middle cerebral artery; ICA: internal carotid artery; M1: sphenoidal segment; M2: insular segment.](NRR-12-321-g001){#F1}

The pathophysiology of MCA infarction indicates that the components of vascular hemostasis in NHPs mainly include platelets, coagulation proteins in blood plasma, fibrinolytic proteins, inhibitory proteins and polymorphonuclear cells; all similar to the hemostatic agents present in the human cerebrovascular system. Therefore, NHPs stroke models mimic the cerebrovascular reactions to stroke in humans more comprehensively than other animal models of stroke (Fukuda and del Zoppo, 2003).

Studies have demonstrated that the motor dysfunction caused by middle cerebral arterial infarction is more closely correlated with deficits in white matter than with deficits in gray matter (Bihel et al., 2011; Rosso et al., 2011). White matter ischemia may extend the therapeutic time window (Koga et al., 2005). The area ratio of gray matter to white matter in NHPs is similar to that in humans. It has been found that NHP stroke models mimic the changes in gray and white matters and the functional damage after cerebral ischemia more effectively than other animal models of stroke (Bihel et al., 2011). Hence, NHPs may provide the best option for the establishment of cerebral ischemia models (Gao and Cheng, 2002). The middle cerebral artery occlusion (MCAO) model has the greatest clinical similarity to the most common cases of stroke in humans (Feigin et al., 2003).

Over the last few decades, many NHPs ischemic models have been designed to study the pathogenesis and therapeutics. However, different models were constructed for different purposes (Hainsworth and Markus, 2008). Faced with a variety of NHPs models, numerous issues need to be taken into consideration. Therefore, we thoroughly summarize all the NHPs models of focal cerebral ischemia to date. This is critical for understanding their respective strengths and weaknesses so that the optimum model can be selected for the specific conditions and purpose of an experiment.

Methods of Establishing Focal Ischemia Models using NHPs {#sec1-2}
========================================================

Surgical methods {#sec2-1}
----------------

The surgical methods of stroke induction can be divided into two categories, an intracranial approach and a transorbital approach, according to different paths into the brain. For the former, MCA was exposed after the parietal bone had been removed and the cerebral dura mater sectioned (Marshall and Ridley, 2003). For the latter, only after the eyeball, orbital medial wall and planum sphenoidale were removed can the MCA be exposed (West et al., 2009).

After MCA exposure, the electrocoagulation and endothelin-1 (ET-1)-induced occlusion methods have been used to establish cerebral ischemia models within the first category (Virley et al., 2004; Yin et al., 2013; Chen et al., 2015); and the microvascular clip occlusion method was employed when utilizing the transorbital approach (Young et al., 1997; Takamatsu et al., 2000; West et al., 2009). These techniques are usually characterized by accurate positioning, good reproducibility and visual inspection of successful MCAO, which made them widely used in the past. However, the limitations of these methods are also evident. (1) Large wounds are inevitable. The craniotomy method requires partial removal of the skull and damages the integrity of the skull, whereas the transorbital method does not. However, the transorbital method requires enucleation of the eyeball, which has a major influence on the physiology and psychology of the animal and thus affects the assessment of an animal\'s neurological function and motor behavior post operation. There are also ethical concerns regarding animal welfare. (2) The small surgical field and the high precision of the surgery required sometimes results in failure of the operation and death of the animal. (3) Nerves are vulnerable to damage in searching for the MCA. (4) The invasive operation may cause vasospasm, which alters blood flow, affects the progression of cerebral infarction and causes circulation disorders. (5) The scope and size of the infarct are unpredictable.

### Electrocoagulation {#sec3-1}

Using the transcranial electrocoagulation method, Yin et al. (2013) established a rhesus macaque (Macaca mulatta) MCAO model. After the animal was anesthetized, a hole was drilled in the sagittal sinus of the right skull at 2 mm above the center of the right orbit. After the cranium was removed, an incision was made from the cerebral dura mater of the right frontal lobe to the frontal pole, the sagittal sinus and the ventral temporal lobe. The MCA was identified at the juncture of the frontal and temporal lobes, and the M1 segment of the MCA was severed using a bipolar electrocoagulation system to form a permanent cerebral infarct.

### ET-1-induced occlusion method {#sec3-2}

To date, ET-1 is one of the most effective endogenous vasoconstrictors. Regional cerebral blood flow decreases as a result of its potent and long-lasting vasoconstrictive action, which causes focal cerebral infarction (Reid et al., 1995). Studies have indicated that intraductal infusion causes less significant vasospasm than extraductal injection of the blood vessels (Mima et al., 1989; Ogura et al., 1991). Virley et al. (2004) performed a craniotomy to expose the M2 segment of the MCA following the induction of anesthesia in marmosets. In the vicinity of the M2 segment, a stellate incision was performed to open the dura and arachnoid mater. A cannula connecting to an infusion pump was inserted through the incision. ET-1 was injected for 5 minutes at a rate of 5 μL per minute. During the induction of cerebral occlusion, the cerebral arteries constricted resulting in cerebral infarction. The indicator of the successful establishment of the cerebral occlusion model was vasoconstriction and blanching of the cortex. Once the injection was terminated, the arteries recovered gradually, and the infarct area became reperfused. This type of cerebral ischemia model cannot strictly control the duration of cerebral ischemia, and the extent of damage differs significantly according to the magnitude of the individual reactions (Freret et al., 2008).

### Microvascular clip occlusion method {#sec3-3}

Young et al. (1997) used a transorbital method to expose the baboon\'s (Papio) MCA. When the dura and arachnoid mater were opened, one microvascular clip was placed at the proximal portion of the main trunk of the MCA, with another one placed at the orbitofrontal branch. Clipping the artery shut produced a focal cerebral infarct. Subsequently, removal of the microvascular clip resulted in the reperfusion of the infarct area. Giffard et al. (2005) used this method to mimic mechanical thrombectomy and re-opened the orbit to remove the micro clip after 2 days. Using this method, the duration of cerebral ischemia and reperfusion can be strictly controlled, and the infarct is more specifically defined.

Endovascular intervention method {#sec2-2}
--------------------------------

Endovascular intervention refers to a group of techniques used for the successful establishment of focal cerebral occlusion with the aid of imaging. This method can be divided into two types. In one method, the guiding catheter was inserted into the femoral artery and passed through the thoracic aorta, aortic arch, and common carotid artery to reach the internal carotid artery. Using a microcatheter, an embolus (such as an autologous blood clot, a balloon, a coil or a surgical suture) (Kito et al., 2001; Gao et al., 2006; Guo et al., 2011; Rodriguez-Mercado et al., 2012) was subsequently delivered to a specific position in the MCA to induce focal ischemia. In the other method, the guiding catheter was unnecessary. Instead, a intraluminal thread coated with a thermofusible adhesive at one end was directly delivered *via* the internal carotid artery (ICA) after an initial incision at the external carotid artery to a specific position of the MCA to form an embolism (Freret et al., 2008).

The advantages of this method are as follows. (1) It is minimally invasive and has little influence on the pain, physiology and psychology of the animals (de Crespigny et al., 2005). (2) It has good repeatability, and most of the methods can achieve reperfusion (Kito et al., 2001; de Crespigny et al., 2005; Gao et al., 2006; Freret et al., 2008; Guo et al., 2011). (3) Its direct effect on intracranial vessels can avoid damaging the endocranium and destroying the intracranial environment. (4) The operation is performed on the lower limb or neck and thus avoids injuring the head, which benefits electrophysiological monitoring of acute and chronic stroke. The disadvantages of this method are as follows: (1) the infarct site is imprecise, and it is easy to form large infarcts (de Crespigny et al., 2005); (2) this technique has substantial technological requirements, as the operation is based on angiography, which requires a skilled operator; and (3) the production cost is high, as are the costs of the catheter and microcatheter.

### Autologous blood clot embolization method {#sec3-4}

The autologous blood clot embolization method uses the blood of experimental animals to produce blood clot emboli, which are then delivered to the MCA to form an occlusion *via* a microcatheter inserted through a guiding catheter. There is no standard for the composition or size of these emboli. Kito et al. (2001) drew blood from the femoral vein and rested the blood in a catheter for 3 hours to clot. They prepared clots of 0.6--0.7 cm in diameter and 10 cm in length, but in practice, they only used 2-cm-long clots placed in the MCA. They suggested that a length of 2.5--3 cm is sufficient to induce ischemia. Wei et al. (2005) generated a white thrombus using the centrifugal method with autologous blood *in vitro*. They reasoned that a white thrombus is very similar to a human cerebral thrombus and is not easily autolyzed. Each thrombus was 0.5 cm in diameter and 15 cm in length. The embolization process in this method is the most similar to human cerebral embolization, and it is very valuable for the study of clinical treatments, especially the study of thrombolytic therapy (Wei et al., 2005). A cerebral infarct formed using this method is more stable than those formed in other models (Murphy et al., 2008). The limitation of this method is high variability in stroke location, volume and neurological consequences.

### Balloon inflation method {#sec3-5}

Gao et al. (2006) designed a microcatheter with a balloon attached to one end and a syringe connected to the opposite end. With the propulsion and withdrawal of the syringe piston, the balloon was inflated and deflated. The balloon on the end of the catheter was expanded when air was injected. *In vitro* and *in vivo* tests demonstrated that the balloon remained inflated for up to 3 months. The researchers selected a deflated balloon with an outer diameter of 1.1-mm to ensure that the microcatheter with an outer diameter of 0.61 mm could pass through the narrowest region of the blood vessels of the experimental animals. Because the microcatheter is very thin and the balloon is only inflated at the proximal end of the MCA, the damage to the blood vessels is reduced. In addition, the operation is performed only on the intracranial arteries, which avoid damaging the dura mater. The operation for reperfusion is also very simple, only requiring the withdrawal of the air from the balloon. The limitation of the method is that the diameter of the balloon is so large that it can only be used to embolize the proximal MCA. The narrow and circuitous characteristics of remote vessels make this operation unsuitable and prone to failure.

### Microcatheter embolization method {#sec3-6}

Without using emboli, directly inserting a microcatheter into the MCA can also induce focal cerebral ischemia. For instance, de Crespigny et al. (2005) repositioned the microcatheter with a micro-guide wire from the femoral artery to the MCA through the guiding catheter and simultaneously injected contrast medium through the guiding catheter to observe the movement of the microcatheter. The microcatheter was left in the MCA for 3 hours to form a focal embolism, and the microcatheter was subsequently removed to achieve reperfusion. Notably, the final 50 cm of this microcatheter was unreinforced, which enabled steering through the tortuous vasculature. It is also nonmagnetic allowing artifact-free echo planar imaging images. The minimal extraneous damage caused by the model facilitates an improved survival rate, which is advantageous for the study of long-term recovery after stroke.

### Coil embolization method {#sec3-7}

Guo et al. (2011) improved the method developed by de Crespigny et al. (2005) by first inserting the microcatheter into the end of the M1 segment and subsequently placing a coil in this area to cause sustained focal cerebral ischemia. After withdrawing the guiding catheter, magnetic resonance imaging (MRI) of the animal can be done. The vascular sheath and coil can be pulled out to enable blood reperfusion later. This method exhibits increased stability, safety and reproducibility. However, the catheter and coil are more expensive than the tools used for other ischemia induction methods.

### Surgical suture embolization method {#sec3-8}

Surgical sutures can be delivered to a specific position through a microcatheter to stably and permanently induce a focal ischemia. Rodriguez-Mercado et al. (2012) performed a puncture in the femoral artery and inserted a guide catheter; they subsequently delivered the microcatheter to the M1 segment of the MCA. Surgical sutures in saline were injected through a syringe into the microcatheter, depositing 6--8 sutures in the M1 segment to form an occlusion. Angiography was used to confirm the occlusion and to determine the number of sutures released. The embolism formed *via* this method does not permit reperfusion. The advantages of this method are that it can achieve a continuous expansion of the acute infarct and that the sutures do not interfere with imaging examinations.

### Suture method {#sec3-9}

The suture method was developed by the Japanese researcher Koizumi (Koizumi et al., 1986) for the preparation of a rat model of focal cerebral ischemia. Freret et al. (2008) used this method to establish a monkey model of cerebral ischemia. A nylon thread coated with a thermofusible adhesive at one end, was inserted into the external carotid artery and advanced to the origin of the MCA until the laser-Doppler signal disappeared, indicating the establishment of cerebral ischemia. To achieve reperfusion, the thread must be pulled out. This method causes less damage to the experimental animals and allows for the strict control of the durations of ischemia and reperfusion. However, this method has strict limits regarding animal body weight. Their experimental subjects were 240--330 g marmosets. Freret et al. (2008) tested different diameters of nylon thread with distal cylinders in preliminary studies and found that 3 mm length and 0.54 mm diameter was appropriate. When it comes to different body weights and other species, the experimental conditions will need to be reassessed.

Photochemical induction method {#sec2-3}
------------------------------

The photochemical induction method takes advantage of the characteristics of a photosensitizer, which initiates chemical reactions upon irradiation by a particular light source. The irradiated area of the cerebral tissue then exhibits edema formation and platelet aggregation, thereby forms a focal infarct. This non-invasive method tends to restrict the infarct within a specific range with low mortality. Ikeda et al. (2013) applied the photochemical induction method to a marmoset (*Callithrix*) cerebral ischemia model. After anesthesia, Rose Bengal was injected into the tail vein. In the sensorimotor area of the cerebral cortex, a green light of 8 mm in diameter was irradiated on the exposed skull. Under green light irradiation, Rose Bengal induces platelet aggregation, thus resulting in cerebral infarction in the irradiated area. Because the marmoset skull is thicker than the rat skull, researchers had to increase the light intensity applied to marmosets from 150 to 350 W. When it comes to the macaque or higher species with thicker skull, the parameter should be further adjusted on the existing basis. To avoid an increased temperature due to the strong light, the irradiation time was minimized. Cold air and water were also used to maintain the temperature below 38°C.

The advantages of this model are as follow. (1) It is non-invasive and easy to operate. There is no need for craniotomy when inducing infarction, minimizing intracranial infection. (2) This method can be used to produce infarcts of identical size in similar positions between animals (repeatability), and the stability of the ischemic foci is good. (3) The induced embolism is similar to cerebral thrombosis in humans. Based on this evidence, this method is suitable for certain studies using antiplatelet and antithrombotic drugs. However, the infarct is located at the distal end of the vessel, which limits the utility of this method.

Comparison between NHP models and rodent models {#sec2-4}
-----------------------------------------------

Rodents are widely used in the establishment of animal models of stroke and most of the methods described above are modified from rodent models (Fluri et al., 2015). Admittedly, the expense of purchasing and feeding NHPs is greater than that for rodents (Murphy et al., 2008). The ethics and operation requirements for NHPs are stricter than those for rodents (Cook and Tymianski, 2012). Nevertheless, there are irreplaceable advantages in use of the NHPs to establish MCAO: (1) The anatomical, cognitive and behavioral complexities of primates make NHPs more appropriate for modelling human neurological disease than rodents (Bakken et al., 2016). (2) A few features of primates such as prolonged myelination, synapse production and pruning may make some human neurological diseases inadequately modeled in rodents. (3) NHPs and human have a greatly expanded neocortex and functional partitioning, especially of the primary visual cortex, compared with rodents (Bakken et al., 2016). (4) When it comes to MCAO model, rodents differ from primates in having rich collateral anastomoses and most rodents do not have a complete circle of Willis. Subjecting rodents to MCAO produces extensive ischemic infarct volumes rather than injury to specific neuronal circuits (Kwiecien et al., 2014). (5) There is poor correlation between rodents and humans in their responses to inflammation and cell injury (Seok et al., 2013). One hypothesis is that the translational discrepancies between rodent models and clinical trials may be secondary to the interspecies differences in gene expression and genomic responses (Seok et al., 2013).

Comparison of different NHP species {#sec2-5}
-----------------------------------

The selection of an experimental animal depends on the aims of the study. Experimental NHPs include animals lacking gyri and animals with multiple gyri. The frequently used species lacking gyri include the marmoset (*Callithrix*) and the squirrel monkey (*Saimiri*). Their advantage is that brain function areas are easily identified so these animals are more suitable for the investigation of dysfunction after infarction. The animals with multiple gyri most frequently used include baboons (*Papio*) and rhesus macaques (*Macaca mulatta*). Compared with animals lacking gyri, NHPs with multiple gyri possess brains that are structurally more like the human brain, particularly the cerebral cortex and subcortical regions as well as the ratio of gray matter to white matter. Therefore, NHPs with multiple gyri are suitable for multipurpose studies, especially for preclinical trials.

Many NHP species have richer collateral circulation than that of humans, and that compensates for ischemia and helps NHPs to recover after cerebral infarction. The vascular anatomy of NHPs lacking gyri is rat-like, whereas that of NHPs with multiple gyri is more like that of humans. Among the latter, rhesus macaques (*Macaca mulatta*) have a less extensive collateral circulation than baboons (*Papio*). In addition, rhesus macaques are relatively docile when domesticated, making these animals more suitable for the assessment of motor, sensory and cognitive disorders (Cook and Tymianski, 2012).

Comparison of different NHP models {#sec2-6}
----------------------------------

The experimental conditions of the surgical methods are more consistent than those of the endovascular intervention and photochemical induction methods. The initial injury site during the surgery and the ensuing infarction are identified visually. Therefore, these methods are frequently used for studies of neuroprotective agents during the acute phase of infarction. However, these methods have several serious drawbacks as mentioned above such as a large wound and unpredictable location. Establishing the cerebral occlusion model using this method exposes the brain to an open environment, which is different from that of human strokes. Moreover, in the transorbital method, enucleating an eyeball impairs the animal\'s vision affecting cognitive assessments (Mack et al., 2003).

The electrocoagulation and ET-1-induced occlusion methods involve the use of a craniotomy to expose the MCA. The craniotomy can expose the region distal to the M1 branch and the M2 branch of the MCA *via* the pterional approach (Virley et al., 2004; Chen et al., 2015). Blocking these sites produces a limited infarct area. The microvascular clip occlusion method involves the use of the transorbital approach to expose the main MCA trunk and the orbitofrontal branch (West et al., 2009). Obstructing these sites can generate a larger infarct area than that produced by the craniotomy method. The selection of a specific approach may be determined by the desired infarct area and operation requirements. In the craniotomy, it is more difficult to detach the exposed vessels than in the transorbital method and the former hinders adequately proximally positioning of the occlusion device (Fukuda and del Zoppo, 2003). Considering that the vessels exposed *via* the transorbital approach are near the main trunk, choosing a method that permits reperfusion would restrict the infarct size and reduce the severity of clinical symptoms.

Compared with the above surgical methods, the endovascular intervention method causes less damage to the experimental animals. Its closed environment is more comparable to the internal microenvironment during the human stroke process, and this method has been widely used in recent studies. Nevertheless, because this method produces a larger infarct area than the surgical methods, its mortality rate is also higher (Cook and Tymianski, 2011).

The suture method that is widely used in rodent animal models has been used less frequently in primates to date. This method has a strict limits regarding animal body weight; therefore, effective modelling parameters are critical for the success of the experiment. The autologous blood clot embolization method produces ischemia *via* a process that is most comparable to that of human stroke, and is more appropriate for testing thrombolytic therapy. Nevertheless, this model inhibits reperfusion, and the position of the blood clot is difficult to control. This makes the position and size of the damaged area beyond control. These factors limit the application of this method.

In contrast, the balloon inflation, microcatheter embolization and coil embolization methods more effectively control the embolism area and reperfusion time, therefore these methods can be used to study chronic therapies for cerebral infarction. There is a limit to the range of balloon diameter, therefore the brain areas that can be affected by the balloon inflation method are not as deep as those affected by the microcatheter embolization and coil embolization methods. The microcatheter embolization and coil embolization methods can reach deeper brain areas and produce a more focused infarct area, which effectively reduces the mortality rate (de Crespigny et al., 2005). Compared with the microcatheter embolization method, the coil embolization method has the benefit that after placement of the coil, the microcatheter can be removed, and an MRI can be performed.

The photochemical induction method does not require a craniotomy. Its wound is small, and its mortality rate is low. The position, size and degree of the infarct produced by this method can be controlled; thus, this method has good operability. A thrombolytic agent can induce reperfusion but the reperfusion time is difficult to control. This method also exhibits several differences in progression compared with human stroke. The infarct sites reached using this method are frequently at the distal end, which vary in anatomical position (Cook and Tymianski, 2011) (**[Table 1](#T1){ref-type="table"}**).

###### 

Comparison of the methods of establishing focal ischemia models using nonhuman primates
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Other considerations when selecting an animal model of stroke {#sec2-7}
-------------------------------------------------------------

Several factors must be considered in the selection of a stroke model: permanent infarction *versus* transient infarction, also the length of time and position of the infarct. Among the above-mentioned methods, all allow reperfusion except for electrocoagulation and surgical suture embolization. In autologous blood clot embolization and photochemical induction, the reperfusion time cannot be controlled. In most studies, the reperfusion time is 1--3 hours (Zhang, 2010). The longer the reperfusion time, the larger the infarct volume is. Unanesthetized animals have larger infarct volumes (Young et al., 1997). One possible reason is that these animals must be immobilized, leading to hypocapnia, which influences cerebral blood flow and metabolic rate. Immobilization for a long period (7--9 hours) may increase the permeability of the blood-brain barrier and awake animals are easier to observe their neurobehavioral status (Fukuda and del Zoppo, 2003). However, to facilitate the operation, most studies choose anesthetization.

The physiological parameters of anesthetized animals should be considered such as heart rate, temperature and blood pressure. In general, the body temperature is maintained within 37--38°C and systolic blood pressure maintained within 100--130 mmHg (Kito et al., 2001; Gao et al., 2006; Rodriguez-Mercado et al., 2012). Some studies controlled the blood pressure at a low level with an average of 60--80 mmHg (West et al., 2009). The use of different species of NHPs complicates the comparisons.

The surgical method can be used to select the infarct site most accurately. When the position is near the distal end, the infarct volumes are smaller. Guo et al. (2011) have reported that the coil embolization method, with a focus of infarction in the distal M1 segment, can produce a larger penumbral area. The penumbra is the critical region for clinical treatment (del Zoppo et al., 2011), but few studies have examined the ischemic penumbra using NHPs.

Gender also has important influences on the development of and recovery from stroke. In general, most trials use only male animals. Murphy et al. (2008) found that the ischemic injury to female rhesus macaques showed greater variability in the infarct area in the entire hemisphere, the putamen, and the caudate nucleus than a similar injury to male rhesus macaques. The investigators speculated that this difference may be related to hormone levels and the menstrual cycle and suggested that subsequent studies should include both male and female animals. The balance of gender between groups should also be noted.

Assessment after establishing a stroke model {#sec2-8}
--------------------------------------------

After induction of a stroke model, many methods could be used to assess whether the model is successful and to evaluate its stability. The commonly used methods include imaging, motor and sensory function evaluations, neuropathological examination and electroencephalography.

The frequently used imaging methods include interventional angiography, computed tomography (CT), positron emission tomography (PET) and MRI. CT angiography can be used to instantly detect thrombogenesis; it is convenient and direct, and it can accurately locate the infarct site. The disadvantages of CT angiography are that it cannot reflect the functional status, and that introducing the contrast medium causes additional damage. However, when CT angiography is used in combination with the endovascular intervention method, the same catheter can be used to introduce the contrast medium. CT can generate three-dimensional images to accurately locate the infarct site. However, compared with PET and MRI, CT detects only density changes; thus it provides limited data. PET can be used to monitor the metabolic state of oxygen, which can reflect the functional status. However, in terms of accuracy, PET is poorer than the other methods; its resolution is lower, and it cannot accurately locate the infarct. In addition, the cost of PET is higher, which limits its application for research.

For most studies, MRI is more convenient and suitable (Saver et al., 2009). MRI includes multiple-factor imaging; it generates images without the injection of contrast media and can measure a variety of parameters. For example, magnetic resonance angiography can show the signals of blood vessel structure and blood flow. Magnetic resonance spectroscopy can be used to measure molecular components and steric configuration. Diffusion tensor imaging can be used to acquire images of white matter fiber tracts. It can not only detect the infarct site, but also the metabolic status of the infarct area. However, MRI requires a longer time for image generation, and the tested animals must not have metal in their body. Also, life support equipment cannot be used during the imaging. The frequently used MRI techniques include traditional MRI, diffusion-weighted MRI and functional MRI.

Motor and sensory function tests are mainly used for the identification of motor and sensory impairments, after the establishment of a cerebral ischemia model. Commonly used tests include the examination of ipsilateral grip strength, the response to tactile stimulation, other neurological function assessments, and motor function tests (Virley et al., 2004; Freret et al., 2008; Wang et al., 2012). Neuropathological examinations include postoperative histology, immunochemistry, and 2,3,5-triphenyl tetrazolium chloride staining (Wei et al., 2005; Freret et al., 2008). Motor and sensory functional tests and neuropathological examinations can also effectively confirm the establishment of the ischemic model.

Summary {#sec1-3}
=======

Ischemic stroke is a common clinical disease with high rate of incidence, mortality and morbidity. Establishing an effective ischemic stroke model is vital for the investigation of the mechanisms of stroke, as well as its prevention and treatment. NHP brains are more structurally like human than rodent brains therefore NHP stroke models can better mimic the pathogenesis of human cerebral ischemia compared with rodents. However, their restricted availability and higher associated cost limit their broad application. The establishment of a highly effective ischemia model with a low mortality rate still requires more investigation.

This review will help establish the optimal method, species and strict experimental conditions by analyzing the advantages and disadvantages of each cerebral ischemia model using NHPs. Investigators can choose the appropriate ischemia model according to the aspect of ischemic injury and therapeutic characteristics of their own research.
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